In Poland, rearing results are far from satisfactory. Until the age of 21 days, losses of piglets are estimated at 20-30% and, in the later period, they reach 20% (Boruta et al., 2009 ). There may be numerous factors causing such great losses: sow's condition, litter weight, litter size, frequency of suckling, lactation curve, and number of production cycles. Therefore, every effort should be made to ensure the best possible quality and quantity of colostrum and milk (Buczyński et al., 2006) .
Due to their high nutritive value, milk proteins play a very significant role in the rearing of animals; they provide an important source of calcium (Gigli et al., 2007) , regulate the immune system (Flower et al., 2000) , exhibit antibacterial activities (Chaneton et al., 2011) and take part in fatty acid metabolism (Perez and Calvo, 1995) . There is a growing interest in proteins, in particular whey proteins, as products which exhibit health-promoting properties (Ha and Zemel, 2003; Król et al., 2008 Król et al., , 2010 .
Investigations have already been conducted for many years with the aim of determining genetic markers of animal production traits. In cattle breeding, attention was focused on milk protein genes (Zwierzchowski, 2009) , in particular on the study of dairy cattle breeds and the interrelationships between polymorphic forms and yields, chemical composition and physicochemical qualities of milk (Litwińczuk et al., 2006; Michalcova and Krupova, 2007; Meza-Nieto et al., 2010) . Investigations on milk protein polymorphism made it possible to determine differences and similarities between herds within breeds and to register genetic changes resulting from breeding and natural selection. In parallel, investigations are also carried out concerning milk protein polymorphism in meat breeds. At the present time, research results regarding milk protein polymorphism are so reliable that a genetic variant of milk protein is introduced increasingly frequently in breeding work as an additional selection parameter (Litwińczuk et al., 2006; Zwierzchowski, 2009 ). This is a very important issue from the economic point of view.
Little research has been performed on other animal species, especially concerning the impact of milk protein polymorphism on progeny production results. Investigations on the occurrence of milk protein polymorphism in sows and identification of its genetic sequence could become an important parameter in swine selection and piglet rearing.
That is why the objective of this research project was to gather information connected with relationships between polymorphic fractions of milk protein and results of piglet rearing.
material and methods animal material
Twenty sows of the native Złotnicka White breed were used in the present experiment. Investigations were conducted in the period from November 2009 to December 2010 on a farm (54°48'N,16°83'E) rearing pigs of native domestic breeds, situated near Poznań in the Wielkopolskie Voivodeship, Poland.
The origin of the experimental animals was known because the Department of Pig Breeding and Production at the Poznań University of Life Sciences had a complete pedigree and breeding documentation of the breed. Złotnicka pigs are covered by the National Genetic Resources Conservation Programme (Szulc et al., 2012) . The research comprised two consecutive (2nd and 3rd) lactations of sows. All experimental sows were housed in identical conditions that met all welfare requirements. The sows were housed in single farrowing crates from about day 10 before parturition to the 4th week of lactation. They were fed individually with standard total mixed rations according to Polish Nutrient Requirements of Pigs (1993) . Feed was supplied twice a day at 2 kg per ration with ad libitum access to water. Table 1 presents the composition of diets fed to sows. In addition, diets were rich in active substances, i.e. vitamins E, A and D 3 , organic acids, 3-phytase as well as Cu.
Sows from the discussed experiments were mated naturally and progeny from 20 litters were derived from a single sire. Parturitions on the farm were all supervised by a zootechnician.
obtaining material for investigations and analytical methods Sows were milked by hand (on the second day of lactation) from each active nipple in the amount of about 7 ml (from the whole gland) into marked test tubes following earlier intramuscular injection of approximately 3 ml of oxytocin. After collection, the milk was cooled down to 20ºC and then polymorphic fractions of milk proteins were determined. Protein separation was conducted with the assistance of horizontal starch gel electrophoresis. Hydrolyzed potato starch was used to prepare 25% gel by bringing the mixture of 30 g starch, 100 ml distilled water and 16.8 ml Tris-citric buffer to the temperature of 90°C. The buffer solution was prepared by using 92.8 g TRIS and 13.8 g citric acid which were dissolved in 1 l of distilled water (solution pH 8.6). Once the gel clarified, 72 g of urea was added and it was heated again to 90°C. After consecutive clarification, the gel was deaerated and cooled down to 50°C after which 1 ml of 2-mercaptoethanol was added and after thorough mixing, it was spread uniformly on a plate and placed under cover for the period of 24 hours in a refrigerator at 3°C. After this period, gel was prepared to allow blotting paper soaked in milk to be placed on it. This was achieved by making slits in the gel. Milk samples were subjected to centrifugation at 3000 rpm for 10 minutes accompanied by cooling and then flaked fat was removed. Next, from each sample, 2 ml of defatted milk was collected to which one drop of 2-mercaptoethanol was added and, after mixing, left for the period of 15 minutes. Blotting paper soaked in milk was placed on slits made in gel (10 blotting papers per plate). Veronal buffer was used in tanks with electrodes. The buffer was prepared using 10.3 g veronal natrium and 1.87 g diethylbarbituric acid which were dissolved in 1 l of distilled water. The plate with the blotting paper on gel was placed in tanks with electrodes to which Electrophoresis Power Supply apparatus (EPS 3500, Pharmacia Biotech) was connected, using 230 V voltage (initial current intensity of about 40 mA which reached about 25 mA at the end of the process). The electrodes were connected in such a way as to cause the migration to run from cathode to anode. The current was allowed to flow for the period of 23 hours.
After electrophoresis, the gel was removed from the plate and placed in a container with staining fluid for about 8 minutes. The staining fluid was prepared by dissolving 0.75 g amido black in 1000 ml of 1% acetic acid. The stained gel was placed in decolourizing fluid (1% acetic acid) and left for 24 hours. After decolourization, a spectrum of protein electrophoretic separation appeared on the gel on which its polymorphism could be identified. The application of this type of electrophoresis allowed simultaneous isolation of 4 protein fractions, i.e. αs1-casein (CSN1S1), β-casein (CSN2), κ-casein (CSN3) and β-lactoglobulin (LGB) ( Table 2) . 
Twenty-four hours after parturition, piglets were individually tagged and their sex identified. The following parameters were determined in the course of the trial: number and weight of piglets on days 1, 7, 14, 21 and 28 of age; weight gains of individual piglets during the periods from day 1 to 7, from day 8 to 14, from day 15 to 21 and from day 22 to 28; and mortality for the entire period of rearing, i.e. from day 1 to 28.
A total of 425 piglets born in 40 litters (20 sows × 2 lactations) were investigated.
statistical analysis
The data obtained was statistically analysed using SAS package ver. 8.11 (2007) with the assistance of the normality test (UNIVARIATE), using multivariate analysis of variance with PROC GLM LSM (body weights, weight gains and deaths of piglets as well as milk production of sows between individual protein genotypes were compared). The results of these calculations were presented as least square means (LSM) and standard errors (SE).
For discrete random variables (the number of piglets aged 1, 7, 14, 21 and 28 days), probit transformation described by Lynch and Welsh (1998) was applied, which makes transformations from discrete random variables to continuous random variables possible.
The number of casein and lactoglobulin phenotypes as well as the frequency of alleles and genotypes for individual proteins was calculated according to the Hardy--Weinberg principle of distribution of genotypes and phenotypes. The χ 2 test was used in the calculations.
Milk yields of sows were indirectly calculated using the following formula according to Williams (1995):
(piglet weight on day 28 -piglet weight on day 1) × 3.8 kg
In the statistical models applied for the analysis, apart from the main effects under investigation, other effects were also taken into consideration:
Season (autumn, winter, spring, summer). Lactation of sows (number of lactations initiated by the sows under investigation).
Piglets' sex (male, female).
results Table 3 shows protein fractions separated during the electrophoresis. αs1-casein (CSN1S1) turned out to be the most diversified fraction. Four genotypes: AA, AB, BB and BC were identified in this fraction compared to only 2 homozygous genotypes (AA and BB) identified in β-lactoglobulin (LGB). The other proteins were characterized by 3 genotypes: AA, AB and BB. Allele B was found to occur more frequently than allele A in the three protein fractions. Within the CSN1S1 (Table 4) , piglets from the sows of AA genotype achieved the highest weight and the best growth. Also, the milk yield from homozygous AA sows turned out to be the highest (214.32 kg). The results proved to be statistically significant at the level of P≤0.05 and P≤0.01. Table 5 shows the influence of β-casein (CSN2) on the characteristics under analysis. The CSN2-BB genotype proved to have the strongest relationship with the weight of the piglets during the rearing period. The weight of piglets aged 28 days was 2.34 kg higher than the weight of offspring from the sows of the CSN2-AA genotype. This was also reflected in their growth, but 8-to 14-day-old offspring from heterozygous CSN2-AB sows had the highest growth of 2.08 kg. However, the difference proved to be statistically non-significant. Homozygous CSN2-BB sows were characterized by the best milk yield of 230.28 kg, whereas CSN2-AB heterozygotes had the best milk yield per piglet (27.64 kg). The highest mortality was also recorded in this group.
The analysis of κ-casein (CSN3) (Table 6 ) proved the AB genotype to be related with higher weight of piglets during the maternal nursing period. The advantage of piglets reared by AB heterozygotes over the offspring from homozygous BB sows with the lowest weight was 0.99 kg on day 28. The offspring of CSN3-AB heterozygotes also had the highest growth and the productivity of their mothers proved to be statistically significant and amounted to α≤0.01. The highest mortality (19.55%) was recorded in the group of sows of the CSN3-AA genotype. Table 7 shows the influence of β-lactoglobulin (LGB) genotypes on piglet rearing. Statistically significant relationships between LGB genotypes were observed at the level of P≤0.05 and P≤0.01. Offspring from LGB-AA homozygotes had the best results. At the age of 28 days, piglets' average weight was higher by 0.76 kg. Also, other productivity characteristics proved to be better in the sows of that genotype. 
Discussion
The issue of milk protein polymorphism in dairy cows, which is associated with the use of milk as food, has been thoroughly investigated and described. Aschaffenburg and Drewry (1957) are considered to be the precursors who initiated investigations of milk protein genetic polymorphism in the 1950s.
In the population of sows under investigation, the highest frequency in the CSN1S1 fraction was determined for the BB genotype (60%). Many authors found prevalence of this genotype also in cow's milk (Walawski et al., 1994; Miciński et al., 2008) .
In 1966, Glasnak reported polymorphism of β-casein in sow's milk and 3 allele variants: A, B and C. In the study under analysis, we obtained 3 genotype variants, where the sows with CSN2-AA genotype were in the majority (70%). Ziemiński et al. (2005) and Sitkowska et al. (2008) as well as many other researchers emphasized the fact that AA homozygotes were predominant in all breed groups.
The results of the present experiment demonstrated that frequencies of κ-casein (CSN3) genotypes were arranged divergently in comparison with investigations conducted by Sitkowska et al. (2009) on ruminant milk. The above-mentioned authors proved that homozygous AA animals were a prevalent group. Identical conclusions were drawn by Ziemiński et al. (2000) . However, in a κ-casein genotype system analysed by Litwińczuk et al. (2006) , heterozygotic animals prevailed, just as in the present investigations.
As far as β-lactoglobulin is concerned, there were only two homozygous genotypes (LGB-AA and BB) in the data under analysis. Numerous authors also presented diversified data. Mele et al. (2007) as well as Kawęcka and Radko (2011) observed a considerable share of heterozygotes in experiments carried out on sheep.
The impact of genotypes of protein fractions on traits associated with rearing has not been investigated to date. In recent years, investigations have been carried out to determine the influence of protein genetic variants in beef and beef-dairy cattle on calf rearing effectiveness (Litwińczuk et al., 2006) .
The results obtained in the course of the present study showed that for the αs1-casein (CSN1S1) and β-casein (CSN2) fractions, the highest weight, the best body weight gains and the smallest number of deaths were recorded for progeny derived from CSN1S1 AA and CSN2 BB homozygous sows.
Schmidely et al. (2002) and Barłowska et al. (2007) proved that goats of the CSN1S1-AA homozygous genotype produced milk with a higher concentration of its components, i.e. fat and protein, thus achieving better yields.
Most researchers usually focus their interest on κ-casein and β-lactoglobulin. The κ-casein fraction (CSN3) plays a substantial role in offspring rearing because it has a high nutritional value (Litwińczuk et al., 2006) . In the present study, the best results were recorded in the case of progeny of CSN3-AB heterozygotic sows. The situation in body weight gains changed in favour of progeny derived from CSN3-AA homozygous sows in the period from days 22 to 28 of rearing. This can be attributed to the fact that the proportion of deaths in this group turned out to be the highest (19.55%), significantly reducing the number of piglets; consequently, those that remained could ingest greater quantities of feed (milk). Henderson and Marshall (1996) found a relationship between κ-casein genetic variants and calf rearing. It is clear from their experiments that offspring from cows of the CSN3-AB genotype achieved the highest daily growth and the highest body weight at weaning. Król (2003) observed a similar dependence in Limousin and Hereford cows.
β-lactoglobulin (LGB) as a protein fraction exhibits a supportive effect in viral infections and was reported to counteract bacterial infections. Different authors present opposing results of the research on the influence of β-lactoglobulin genetic variants (LGB). The results of our experiment proved that progeny of LGB-AA genotype sows was characterized by the best results from the economic point of view.
Gurcan (2011) obtained similar results, where cattle of the LGB-AA genotype achieved the best coefficients. Litwińczuk et al. (2006) proved that calves from mothers of the LGB-AB genotype were characterized by the highest growth. A study conducted by Curi et al. (2005) showed that no LGB genotype had a significant influence on productive characteristics of young beef cattle.
Summing up the results of our research, it can be concluded that milk from sows of the AA CSN1S1 and AA LGB genotype appeared to be the most valuable and nourishing as confirmed by the fact that these sows reared piglets that were characterized by the best production results, i.e. body weight, weight gains and the lowest number of deaths. On the other hand, piglets derived from litters of sows of the AA CSN3 genotype developed least dynamically.
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